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This publication has been prepared expressly for 
Latin American trainees studying soil and water 
conservation in the United States. On these pages 
are condensed descriptions, illustrations and plans 
of runoff measuring devices used by the Soil Con- 
servation Service in soil and water conservation 
research. Detailed information of the procedures 
employed in the collection and compilation of data 
as well as large scale drawings of the illustra-— 
tions are available to trainees on request. We 
hope that information contained inthis publication 
will aid the trainees in whatever soil conserva- 


tion work they may later undertake intheir respec- 


H. H. Bennett, Chief 
Soil Conservation Service 
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PLATES 
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1. A, Current-meter station; calibrated weir 
in foreground; drainage area, 4,380 acres. 
B, Current-meter station; calibrated weir 
for low flow is submerged; drainage area 
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2. A, H-type: flume, stilling well and recorder 
shelter. Box for catching sediment in fore- 
ground. BandC, H-type flume, gutter, drop 
box and recorder shelter. D, H=type flume 
and recorder shelter. E, H-type flume with 
drop approach box covered. F, H-type flume 
with drop approach box uncovered .... 

3. A, large Parshall flume with smaller. supple- 
mental flume. B, large Parshall flume with 
supplemental calibrated weir. ...... 


4. A, Triangular weir with 2 to1 side slopes on 
& 12.5-acre terraced area near Edwardsville, 
Illinois. Capacity 65 cubic feet per second 
showing straight, well defined channel of 
approach. B, Triangular weir with 3 to 1 
‘Side slopes on a 19.4-acre drainage basin 
near Bentonville, Arkansas, showing cover 
of intake channel in steep bank. .... 


5. A, Triangular weir with 5 to 1 side slopes 
and appurtenances, (capacity 1050 cubic feet 
per second) on a 290-acre watershed near 
Edwardsville, Illinois. B, Triangular weir 
with 5 to 1 side slopes and appurtenances 
on a330-acre. drainage basinnear Fennimore, 
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6. A, General view of a3 to1 triangular weir on 
a 50-acre drainage basinwitha poorly de- 
fined waterway near Edwardsville, Illinois. 
B, Close up of stilling well on installation 
(plate 6,A) showing slots instilling well. 


7. A, Experimental installationof a trapezodial 
flume with 2 to1 side slopes, 1 foot bottom 
width, and 8 percent grade on a 21.2 acre 
drainage basin producing heavy bed load. B, 
Construction ofa 5to 1 triangular weiron a 
519-acre drainage basin near Safford, Ari- 
zonae Capacity 900 cubic feet per second. 
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8. A, Collector 


Figure 
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tank. Aliquot, one-fifth of total runoff 
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INTRODUCTION 


Research investigations in soil and water conservation conducted by the U. S. Soil 
Conservation Service involve the determination of rates and amounts of runoff produced by 
precipitation on small plots and on natural drainage basins ranging in size from one or 
two acres to several thousand acres. 


Runoff from plots and the smaller drainage basins is nearly always produced by intense 
rainfall. In practically all cases the flow is intermittent. Rates of runoff increase 
rapidly from zero to the maximum, the maximum rates usually last only a few minutes, and 
the. flow ceases soon after the end of precipitation. Runoff from agricultural areas 
often carries considerable amounts of floating debris and eroded material. Measuring de- 
vices such as sharp-crested weirs and the standard current-meter procedure, developed many 
years ago, were found to be inadequate for the measurement of runoff under conditions 
described above. It was necessary, therefore, to develop devices and adopt procedures 
specifically suited for the work of the Service. All flows from plots where rates are 
desired, and all flows from smaller basins as well as low flows from the larger basins, 
are measured by means of flumes and special weirs developed and calibrated in hydraulic 
laboratories. Where only total amounts of runoff from small plots are desired, measurement 
is accomplished by collecting the entire flow or an aliquot of it in calibrated tanks. 
The aliquot device known as the multislot (Geib) divisor is commonly used on plots of soil 
and water conservation experiment stations. 


The standard current-meter procedure, fully described inU. S. Geological Survey Water 
Supply Paper 888, has been adopted for calibrating the runoff stations for larger areas 
where the flow is comparatively large and maximum rates persist long enough to permit its 
use (plate 1). 


In all cases a continuous record of depth of flow (stage or head) is obtained by 
means of water-level recorders. The water-level recorder FW-1, manufactured by the Julien 
P. Friez & Sons Company of Baltimore, Maryland and described in their catalogs, was de- 
veloped for the work of the Soil Conservation Service and is used on practically all of 
its runoff measuring installations. A procedure for setting water-level recorders on 
flumes and weirs is given on page 13. 


The stage records from the water-level recorders are converted into rates of flow 
by means of laboratory rating tables developed for each type of runoff measuring device, 
or by means of the current-meter calibrations for the larger areas. Total runoff for an 
entire runoff period or any portion of it is obtained by integrating the rates of flow 
during the period. 


Brief descriptions of the runoff measuring devices most widely used in Soil Conserva- 
tion Service Research follow: 


HS, H AND HL TYPE FLUMES 


The HS, H and HL type flumes developed by the Soil Conservation Service consist of 
converging vertical side walls cut back onaslope atthe outlet soas to give a trapezoidal 
projection of the outlet. With these types of flumes where the throat width increases as 
the depth of water increases, accurate measurements of the small as well as the large flows 
are obtai:.ed. The various dimensions of each flume are proportional to the depth of the 
flume. For example, the bottom throat width of the HS type flume is 0.05 times its depth, 
or 0.02 feet fora 0.4 foot HS flume. Likewise the bottom throat width of the H type flume 
is 0.1 times its depth, or 0.3 feet for a 3-foot H flume. Also the bottom throat width 
of the HL type flume is 0.2 times its depth, or 0.8 feet for a 4-foot HL flume. The 
maximum rate of flow for the various flumes- for which calibrations are available is given 
in table 1. 


The grade of the appreach channel may be as high as 3 percent without affecting the 
calibration of these flumes. Sloping floors (1 on 8), designed to concentrate the flow 
along the side of the flume on which the well intake openings are located, decrease the 
deposition of suspended materiel at these openings. The difference between the calibration 
of a flume with a sloping flcor and that with a flat floor is less than 1 percent. Sub- 
mergence of 30 percent increases the head only 1 percent. For the effect of higher degrees 
of submergence see figure 1. Riveted joints are preferred to welded joints because the 
latter cause excessive heat distortion. 


..In flat areas, a flume installed with its floor flush with the ground surface would 
cause excessive ponding. If this artificial pondage is larger than that under natural 
conditions of flow, values of maximum rates of runoff and the shape of the hydrograph 
‘will be materially affected. The amount of the artificial pondage ean be reduced by 
lowering the flume and installing a drop box in the approach to the flume as illustrated 
in figure 12 and plate 2,E. 


Waco, Tex. 20214 ; % 


A, Current-meter station; calibrated weir partly submerged in foreground; 
drainage area 4,380 acres. ; 


Waco, Tex. 20548 


8, Current-meter station; calibrated weir for low flows completely 
submerged; drainage area 5,860 acres. 


Table 1. — Rates of flow, cubic feet persecond for HS, H and 
HL flumes for various water depths (head), feet 


Water depth - (feet) 


-00138 
-00174 
-00209 


The HS-type flumes (figure 2), withmaximum depths of 0.4, 0.6, 0.8 and 1.0 feet, are 
used to measure flows up to about 0.8 cubic foot per second and are employed mostly on 
small plots. Drawings (figures 3, 4 and 5), specifications (page 19), and ratings (table 
2), are given in complete detail. 


The H-type flumes (figure 6), with maximum depths of 0.5, 0.75, 1.0, 1.5, 2.0, 2.5; 
3.0 and 4.5 feet, are used to measure flows from drainage basins where runoff rates in 
excess of 0.8 cubic foot per second may be expected and where the maximum rates probably 
will not exceed 80 cubic feet persecond. Prawings (figures 7-10), specifications (page 26), 
and ratings (table 3), are given in complete detail. Photographs (plate 2) show field 
installations of H-type flumes. 


The HL-type flumes (figure 11), with a maximum depth of 4 feet, are used to measure 
flow from drainage basins where runoff rates in excess of 80 cubic feet per second can be 
epprected and where the maximum rates will probably not exceed 117 cubic feet per second. 
Rating for the 4-foot HL flume is given in table 4. 


PARSHALL FLUMES 


Parshall flumes!, long used in irrigation canals where the flow is relatively con- 
stant for long periods, are rectangular in cross section. Large flumes of this type 
are, therefore, not sensitive enough to measure low flows adequately. Large Parshall 
flumes are, however, used in conjunction with flumes of smaller throat width or with auxil- 
iary precalibrated weirs (plate 3) which provide adequate measurement of low flows. This 
requires the use of two water-level recorders. 


TRIANGULAR WEIRS 


Triangular weirs with 2 to 1, 3 to 1, and 5 to 1 side slopes were developed by the 
Soil Conservation Service for measuring flows up to about 1,000 cubic feet per second. 


4 
The characteristics of these flumes are described and calibrations are given in "Parshall Flumes of Large Size", Bulletin 386, 
' Colorado Agricultural Experiment Station, May 1932; and "The Parshall Measuring Flumes", Bulletin 423, Colorado Agricultural 
Experiment Station, Fort Collins, Colorado, March 1936 by R. L. ParshaT1.- 


Coshocton, Ohio 21410 , d Plate 2 


Yaco, Tex. 20311 ; : : 


A, H type flume, stilling well, and recorder shelter 
box for catching sediments shown in foreground. 


~~ 

B, H type flume, gutter, drop box, recorder shelter. Cover ae 

Waco, Tex. 20313 . on flume, gutter and drop box prevents rain from falling : 
on these impervious surfaces and running off through the si 

measuring flume. 2 


Hastings, Nebr. 23389 


hearer ee + J 


D, H type flume and recorder shelter. 


C, H type flume, gutter, and recorder 
: shelter; drop box approach, Concrete Hastings, Melt 2ant0 “4 
flume with angle iron edges. 


Hastings, Neb. 23514 
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E, H type flume withdrop approach box. Cover prevents 
rain from falling on impervious surfaces and run- 
ning off through the measuring flume. Snow drifts 
in flume and approach box also reduced by cover. 


pe \ 
~ F, H flume with drop approach box and recorder shelter. — 
Cover removed. - 


Piate 3 


eatecton Ohio 21331 


A, Large (i5-foot) Parshall flume withsmall (1-foot) supplemental 
Parshall flume for low flows. 


Waco, Tex. 20235 


8, Large (l0-foot) Parshall flumewith sup- 
plementat ogee 5 tol weir for low flows. 


These weirs consist of concrete V notch dams 16 inches thick® with trapezoidal crests 
shaped as shown in figure 13. The triangular shape of these weirs affords measurement of 
small and large flows with comparable degrees ofaccuracy. The shape and thickness of the 
crest permit comparatively free passage of debris and minimize the effect on the stage- 
discharge relationship ofsmall irregularities of the crest and of trash temporarily lodged 
on the crest. Channel slopes inexcess of 2 percent and irregularities in the channels of 
approach induce velocities which seriously affect the calibrations. Where the weirs are 
installed in well defined constricted waterways (plate 4), it is essential to insure that 
the channels of approach are reasonably straight and practically level for a distance of 
at least 50 feet above the weir. The weirs may be constructed with the apex of the notch 
either flush with or above the upstream channel. It is advisable, however, to keep to a 
minimum the amount of water impounded below the apex of the notch (plate 5), inorder that a 
complete record of flow may be obtained without resorting to pondage computations which 
are rather involved and cannot, be made with a high degree of accuracy. In case of con- 
stricted waterways, better results can be obtained by lining the channel of approach for 
a distance of about 50 feet so that. the bottom of the channel is level and flush with the 
apex of the notch, and the side slopes are flatter than the side slopes of the weir. 


The laboratory tests indicate noappreciable effect onthe calibrations of submergence 
up to 50 percent. Most of the installations now in use have been designed for free flow. 
The height of the notch inpractically all cases is 2 feet above the downstream apron, and 
the downstream channels have ample capacity to carry the maximum flows tobe expected. It 
is often necessary to measure runoff from drainage basins with wide, shallow, and poorly 
defined watercourses. Under such conditions the flow has tobe confined and diverted into 
the weirs by means of earth dikes or training walls (plate 6). This creates unnatural 
pondage at high stages which affects the rates of flow and the shape of the runoff hydro- 
graphs. An approximate method has been developed whereby the rates of runoff are cor- 
rected in extreme cases. The magnitude of this correction is determined by the surface 
area of the pond created by the weir and the rate of change in stage. In view of the 
uncertainties involved in this correction it is preferable to avoid installations with 
excessive pondage or, if possible, to provide approach boxes similar to those mentioned 
above for the type HS, H and HI flumes. Such boxes on the weirs would necessarily have to 
be considerably longer than those used with the flumes. , 


The triangular weirs are capable of satisfactorily measuring flows with reasonable 
amounts of suspended erosional debris. They should not, however, be used where heavy bed 
loads may be expected. Under such conditions devices which accelerate rather than retard 
the flow must be used in order that the material brought to the measuring section may be 
carried through it. Trapezoidal channels on steep slopes are being tried on some instal- 
lations (plate 7,A) where heavy ‘bed load is encountered, but noconclusive results have yet 
been obtained. 


The intakes to the stilling wells housing the floats of the water-level recorders 
must be 10 feet upstream from the center of the crest, as the laboratory calibrations are 
based on measurements made at this distance. To eliminate interference with the flow, the 
stilling well must be set back from the channel at least as far as the upper edge of the 
notch (plates 4, 5 and 6). Slots 1 inch wide and 6 inches long and overlapping 1 inch, 
cut in the channel side of the stilling wells, are used to equalize the water level in-—- 
side and outside the stilling well (plates 4 and 6). 


Although the height of the apex of the notch above the bottom ofthe approach channel 
in itself has no effect on the calibration of the weir, the calibrations were found to 
depend on the cross-sectional area of the channel of approach at the point where the head 
is measured,-10 feet upstream from the center of the crest. Values of discharge (rates of 
flow) for heads (depths above the notch) of 1, 2, 3, 4, 5 and 6 feet, with different 
cross-sectional areas, are given in table 5. The discharges forheads up to 0.70 feet are 
not affected by the cross-sectional area at the intake and are given in table 6. The pro—- 
cedure employed in preparing rating tables for the triangular weirs follows: 


The cross-sectional areas of the channel in square feet at the intake corresponding to heads 
on the weir of1 foot, 2 feet, 3 feet, etc., aredetermined. Values of discharge correspond- 
ing to the heads and cross-sectional areas are obtained from table 5. These values are 
plotted on log log paper together with those for heads up to 0.7 foot (table 6) for the 
particular weir. Discharge values for each 0.01 foot of head are obtained from the resulting 
graph. Thus if the particular installation should consist of a 3 to1 weir with a total head 
of 4 feet and cross-sectional areas of 14 square feet for a 1-foot head, 42 square feet for 
a 2-foot head, 64 square feet for a 3-foot head, and 100 square feet for a 4-foot head, the 
values for plotting would be as follows: 


2 

The first several weirs of this type were 30 inches thick and had a. somewhat differently shaped crest as shown in figure 14. 
Later laboratory tests showed that reducing the thickness to16 inches and simplifying the shape of the crest did not affect the 
calibration of these weirs. 


é 
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.. gerade 
OP ie 3 
ae 7 
4 
ra 
Head Discharge 
Feet Cubic feet per second 
pr. 0 0 
ae 1 +025 
2 +132 
3 - 364 
4 757 
5 1.35 
6 2.16 
“7 3.21 
1.0 8.02 
2.0 48.5 
3.0 144 
4.0 308 


The discharge values for each 0.01 foot of head obtained fram the resulting graph are tabu- 
lated to form a rating table for the weir. 


a Pjans and details of construction of a 5 to 1 and a 3 to 1 triangular weir are shown 
tn” figures 14 and 15. A method of constructing the crest on a 5 to 1 weir is shown in 
: plate War) [abe 


iy 


MULTISLOT (GEIB) DIVISORS 


— 


; . The multislot divisor (plate 8), bearing the name of its originator, was developed to 
Aa ‘measure total runoff from plots where the total amounts are too great to be collected ina 
tank. With this device the flow is divided into 5, 7, 9, 11, 13, or 15 aliquots, depend- 
ing on the number of slots in the divisor. One of the aliquots is conveyed into a 
calibrated tank, while the others are allowed to waste. The total amount of runoff is 
; obtained by multiplying the amount measured in the tank by the aliquot ratio. Aliquots 
smaller than 1/i5th are obtained by installing two or more divisors in tandem. Thus, two 
_ §-slot divisors would collect 1/25th of the total flow; a combination of a 5 and a 7 
— slot divisor would result in 1/35th aliquot, etc. The slots are either 1 inch or 1/2 inch 
wide. The latter are used in order to increase the depth of flow through the slots on 
Be ipt. where low flows of long duration are common. Drawings (figures 16 and 17) and 
oa Bee te tteations (pages 39 - 42) give details of construction and installation. 


Illinois-RS-21 


A, Triangular weir with 2 to | side slopes onal2.5 acre 
terraced areanear Edwardsville, Il1. @apacity 65 cubic 


feet per second. Note the straight alignment of this 
well defined channel of approach. 


Arkansas-RS-~39 


B, Triangular weir with 3 to 


| side slopes on a 19.4 acre drainage 
near Bentonville, Ark. The cover of the intake channel in the 
steep bank is hinged topermit opening of stilling well door used 
to inspect the float of the recorder.. 


Illinois-RS-27 


A, Triangular weir with 5 to | side slopes and appurtenances, (ca- 
pacity. 1050 cubic feet. persecond) on a 290-acre drainage basin 
near Edwardsville, 11. The water level of the pond is read on 
the staff gages tocheck the water-level inside the stilling well. 
The well is placedsoas not to interfere with flow over the weir. 
Cover of intake channel is flush with bank; holes in cover permit 
passage of water to slots in stilling water. 


Wisconsin-RS-29 


8, Triangular weir with 5tol side slopes and appurtenances ona 330-acre 
drainage basin near Fennimore, Wisc. The intake pipe extending into 
the water was replaced by an intake channel! similar to that shown in A. 
Pondage below apex of notch and artificial pondage during high flows 
are excessive. Rates of flow are.corrected for pondage. 


Plate § 
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Plate 6 


Illinois-RS-55 


A, General view of a 3 to | triangular weir on a 50-acre drainage 
basin with a poorly defined waterway near Edwardsville, IIl. Ca- 
pacity of weir 230 cubic feetper second. Cikes confine and direct 
flow into weir. Pondage is negligible below apex of notch but 
rather large for high flows. Rates are corrected for pondage. 


I1llinois-RS-18 


B, Close-up of stilling wel! on installation shown in A. Slots in stilling 
well, | inch wide, 6 inches long, and overlapping | inch, replaced two in- 
take pipes originally used. Absence of sloping banks eliminates need of 
intake channel. 
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Texas-—RS-167 


A, Experimental installation of a trapezoidal flume with 2 to | 
side slopes, I-foot bottom width, and 3 percent grade ona 
21.2-acre drainage basin producing heavy bed load. The bridge 
was constructed to facilitate verification of the laboratory 
calibration with current-meter measurements. 


‘Arizona-RS-g2 


B, Construction of a § to | triangular weir on a 519-acre drainage 
basin near Safford, Ariz. Capacity 900 cubic feet per second. 
The crest of the weir is poured in sections to insure proper 
shape. A section of the form can be seen in the center of the 
picture. 


Plate 7 
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North Carolina Rie6 


A, Collection trough, stilling box, 5-slot (Geib 
multislot) divisor and calibrated tank. Al- 
liquot, 1/5 of total runoff retained and measured. 


North Carolina Rj-7 


B, Series of plots equipped with multislot (Geib) divisors and cali- 
brated tanks. 


Plate 8 
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SETTING WATER-LEVEL RECORDERS 


HS Flumes 
1. See that the water level recorder is securely fastened toits support and that the support is designed 


to prevent movement of the recorder relative to the measuring device. Make sure that the chart is cor- 
rectly mounted on the chart drum. 


2. Mount a point gage vertically over the floor near the tip of the flume. This will ordinarily be done 
by means of a temporary point gage support. 


3. Using modeling clay ("plasticine") orsome other like material, damthe outlet end of the measuring de- 
vice; and, ifnecessary toprevent loss of water, the inlet end also. To avoid surface tension effects, 
the nearest point of the dam at the water surface elevation should be at least 1/2 inch away from the 
point of the point gage. 


4. Fill the flume and float well with water until a depth of 1/2 to 1 inch of water is obtained over the 
controi section. 


5. Obtein point gage readings for the water surface and floor of flume. Subtract the crest reading from 
the water surface reading. 


6. During-the time that point gage readings are being made, thewater level recorder will be making a record 
of water surface elevation on the chart. Subtract the difference between point gage readings from the 
chart reading in order to obtain the chart reading for zero head on the measuring device. 


7. Check with a different amount of water in the flume. 


H, HL and Parshall Flumes and Triangular Weirs 


1. Form temporary watertight pool around intakes outside of stilling well. 


2- Raise water level in stillwell until it is 1 or 2 inches above lowest intake. 


3. Place water level recorder on floor of shelter or on shelf; install float, counterweight, and graduated 
— float tape in position; install tape index pointer (I.P); insert clock; place chart paper on clock; ink 
pen andplace it in position to record. 


4. Observe the record for about 5 minutes to see if the. set-up is watertight. If the water level drops 
during this period, find the leak and repair it. 


5. With Surveyor's level take backsight (B.S.) on crest of flume or notch of weir to get the elevation of 
the height of instrument (H.I.). All rod readings are to 0.001 foot. 


6. Attach plumb bob tosteel tape graduated in0.01 foot. Set point of plumb bob at elevation of H.I. and 
read tape at horizontal index line (L) marked on shelter or any ‘other convenient object over the pool. 
(Estimated tape reading to .001 foot.) 


7. Lower plumb bob to water surface of pool and read tape at index line (L). Repeat this step for a check. 
8. Read tape index pointer (I.P.) on float tape immediately after operation 7. 


9. Subtract difference of tape readings at (L) of steps 6 and7 from H.I. to get elevation of water surface. 


10. Check H.I. by rod reading on flume crest or weir notch. 


11. The difference between readings 8 and y isthe amount the float must be lowered (if 8 is less than 9), 
or raised (if 8 is greater than 9) onthe float tape. Minor adjustments up to 0.05 feet can be made by 
adjusting index pointer (I.P.). 


12. Set pen on chart to read water surface elevation obtained in step 9. 


13. Check operations 5 to 12 with water at the different level. 


Increase in head due fo submergence 
(expressed as percentage of free flow head ) 


Submergence (percent? 


(D,/ D, x 100) 
Model Model 
Test run No. discharge free flow head 
See) 105/605. .274 feet 
6 4 .252c.f.s. .419 feet 
Tce A78c.f.s. 352 feet 
8 © .433.f.s. .527 feet 
|:4 Scale ratio model of 
3 foot flume 


Figure |. — Effect of submergence, H type flume. 
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Figure 5.— Construction details of HS-0.6, 0.8, and'1.0 ft. fiumes. 
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Specification 119 


; SPECIFICATIONS 
for 


TYPE HS RATE MEASURING FLUME 
(Brass) 


Service Requirements 


ane Since the HS flumes are designed to measure very small flows with a high degree of accuracy, it is 

>cessary that the flume be constructed in strict accordance with the drawings and the following provisions 

f these specifications. It isespecially important that the slanting opening be bounded by straight edges, 

e precisely the dimensions shown on the drawings, and lie in a plane having an inclination of the exact 
nt. indieated on the drawings. é re 
os! 


. 


rawings 


: The flume shall be constructed in compliance with drawing (figures 4 and 5) which is a part of these 
ifications. 


‘I. Material . <i 
Np a ae, i 


<" All materials used in the construction of this flume shall be new, of best commercial quality, and 


free from petee wae 


omens” 
cae 


Details of Construction 


‘General: The flume shall be fabricated by riveting and soldering. All joints and seams shall 
be watertight and strong. The best commercial practice shall be followed in all details of con- 
struction. 


Cutting of Plates: All plate edges shall be cut straight and sharp. The plates shall not be 
warped or otherwise distorted by the cutting. 


c. Dimensions: All dimensions for which tolerances arenot indicated on the drawings shall be with- 
in one+eight (1/8") inch of those given on the drawings. 


Outlet Openings: The slanting outlet opening shall be formed with special care so that its di- 
mensions are precisely as shown on the drawing. This means that the slopes, or batters, in- 
dicated by the drawing must be rigidly adhered to. The edges of the outlet opening shall be 
straight and smooth. 


Fabrication: The plates shall be clamped rigidly in position and the proper dimensions and 
slopes obtained before the final connections are made. The side plates shall be perpendicular 
to the bottom of the flume. All cross sections of the flume shall be symmetrical about the 
longitudinal axis. All plates shall be flat and shall display no appreciable warp, dent, or 
other form of distortion. 


Riveting: All riveting shall be carried out in such a way that no projections occur on the in- 
side of the flume. All depressions in the surfaces of the plates forming the inside of the 
flume shall be filled with solder and dressed smooth and flush with ‘the surfaces of the plates. 
All rivets shall be solid and watertight. 


Workmanship 


All operations affecting the dimensions of the outlet opening and the straightness of its edges, shall 
carried out by a skilled mechanic and shall be in accordance with good machine shop practice. The com- 
eted flume shall display no deep tool marks, dents, or other blemishes. 


_ Shipment 


The flumes shall be crated or otherwise protected from damage during shipment. The contractor shall 
‘esponsible for any damage arising from lack of adequate protection. 


Upon delivery, the flume shall be inspected to confirm its compliance with the plans and specifica- 
. Final acceptance of the flume will not be made until this inspection has demonstrated that all di- 


, materials, and workmanship are satisfactory. 


20 


Table 2.- Rating tables for type HS flumes. Discharge in cubic feet 
per second; head in feet 


TYPE HS FLUME 0.5 FOOT DEEP 


Rating derived from tests made by the Soil Conservation Service 
at Washington, D. C. and Minneapolis, Minnesota. Table prepared 
April 1941. 
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i 
r# 
2. 
2. 


Note: For flumes less than | foot deep, the 
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1.35D so that the float well may be 
attached. 
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Figure 6.—Proportions of the type H flume. 
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Figure 7.— Dimensions of sloping false floor H-S, .7S, and 1.0 ft. flumes. 
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Specifications 111-A 
SPECIFICATIONS -- TYPE H RATE MEASURING FLUME 
(Riveted Construction) 


ae Service Requirements 


To measure flows with the required degree of accuracy, it is necessary that the flume be constructed 
in strict accordance with the drawing and the following provisions of these specifications. It is especially 
important that the slanting opening be bounded by straight edges and have precisely the dimensions shown on 
the drawing. 


1 Drawings 


The flume shall be constructed in compliance with the proper drawing (figures 9, 10). (The depth 
of the flume desired is indicated on the appended invitation to bid). The necessary drawings are attached 
to and made a part of these specifications. 


TII. Material 


a. General: All materials used in ‘the construction of this flume shall be new, of best commercial 
quality, and free from defects. 


b. Sheet Metal: The sheet metal shall be of galvanized open hearth iron or copper bearing steel. 


e. Structural Angles: All structural angles shall be made of high grade structural steel, and shall 
be galvanized. They shall be straight, and the surfaces of the legs shall be planes. 


d. Rivets: All rivets shall be of non-rusting ferrous alloy or of iron coated with non-rusting 
material. 


Iv. Details of Construction 


a. General: The flume shall be fabricated by riveting and soldering. All joints and seams shall 
be watertight and strong. The best commercial practice shall be followed in all details of 
construction. 


b. Cutting of Plates: All plate edges shall be cut straight and sharp. The plates shall not be 
warped or otherwise distorted by the cutting. 


ce. Joints: The vertical sides of the flume shall be made from one sheet. The bottom plate shall 
not contain more than one joint and noportion of this joint shall lie within twelve (12") inches 
of the outlet opening. Any necessary joint inthe bottom plate shall be transverse to the longi- 
tudinal axis of the flume and shall be made so that the joint is substantially flush. 


d. Dimensions: All dimensions for which tolerances arenot indicated onthe drawings shall be with- 
in one-fourth (1/4") inch of those given on the drawings. 


e. Outlet Openings The slanting outlet opening shall be formed with special care sothat its dimen- 
sions are precisely as shown on the drawing. This means that the slopes indicated by the draw- 
ing must be rigidly adhered to. The edges of the outlet opening shall be straight and smooth. 


f. Fabrication: The plates shall beclamped rigidly inposition and the proper dimensions and slopes 
obtained before the final connections are made. The side plates shall be perpendicular to the 
bottom of the flume. All cross sections of the flume shall be symmetrical about the longi- 
tudinal axis. All plates shall be flat and shall display no appreciable warp, dent, or other 
form of distortion. 


g.- Riveting: All riveting shall be carried out in such a way that no projections occur on the in- 
side of the flume. All depressions in the surfaces of the plates forming the inside of the 
flume shall be filled with solder and dressed smooth and flush with the surfaces of the plates. 
All rivets shall be solid and watertight. 


Wh Workmanship 


All operations affecting the dimensions of the outlet opening and the straightness of its edges, 
shall be carried out by a skilled mechanic and shaJl be in accordance with good machine shop practice. The 
best sheet metal shop practices shall be followed in all other operations. The completed flume shall display 
no deep tool marks, dents, or other blemishes. 


is Shipment 


The flumes shall be crated or otherwise protected from damage during shipment. The contractor shall 
be responsible for any damage arising from lack of adeguate protection. 


VII. Inspection 


Upon delivery, the flume shall be inspected to confirm its compliance with the plans and specifica- 
tions. Final acceptance of the flume will not be made until this inspection has demonstrated that all di- 
mensions, materials, and workmanship are satisfactory. 
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SIDE ELEVATION 


FRONT ELEVATION 


APPROXIMATE CAPACITIES 
DEPTH -D CAPAC/TY 


For this eed in maximum 
Flows itis better to use /1- 
type flumes. 


J- 7-39 “N=ZESF 


Figure Il.— Dimensions of HL-type flumes. 
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Table 4.- Rating table for 4-ft. HL Flume. Discharge in cubic feet 
per second; head in feet 


Rating derived from tests made at the National Bureau of Standards. 
Table prepared July 1940. 


“7 


Concrete,masonry or wood sides 
A 
Concrete floor 


Stream channel 


Type H flume 


Concrete or masonry headwall 


Slope 2%t 


fee BG 


SECTION ON ¢ 


STRAIGHT HEADWALL INSTALLATION 
(for use when flume is to be instafled in a well defined natural channel ) 


SEC.A-A 


Without gutters 
SECTION ON ¢ 


With gutters 


DROP BOX INSTALLATION 
(for use when the runoff must be concentrated by gutters or dikes) 


Figure |l2— Type HS;H and HL flume installation 
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Figure 13.-Shapes of I6 inch crest of triangular weirs. 
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Figure 14.-Plan and construction details of a 5:1 triangular weir. 
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SPECIFICATIONS -- MULTISLOT DIVISORS HAVING SLOTS ONE-HALF INCH WIDE 
Division I. General Provisions 


Definition of Terms 


(a) Specifications: All provisions and requirements contained herein or on the accompanying 
plans which formapart hereof, together with all written or printed agreements that may be made 
hereafter, pertaining to the manner of performing the work or to the quantity or quality of 
material to be furnished under the contract. 


(b) Multislot Divisor: A device for taking an aliquot of runoff water, the essential part of 
which is a slot plate containing several openings or slots of identical size and shape. The 
runoff is passed through the divisor and that portion discharged by the center slot is retained 
as an aliquot. 


(c) Slot Plate: The metal sheet containing the slots above referred to. 


(d) Precision Strip: The machined metal strip attached to the upstream side of the slot plate 
and forming the bottom of the slots. 


(e) Spout: The sheet metal conduit attached to the downstream side of the slot plate to con- 
duct the sample flow away from the middle slot. 


(f) Hood: The protective sheet metal covering around the periphery of the slot plate on the 
downstream side. 


(g) Divisor Box: The sheet metal box through which the runoff water is conducted to the slot, 


‘(h) Side Plates: The sheet metal stiffening or reinforcing plates attached to the sides of the 
divisor box upstream from and abutting the slot plate. 


Division II. Construction, One-half Inch Slots 
Materials 
(a) General: All surfaces shall be of rust-resistant material. 


(b) Slot Plate and Precision Strip: Both the slot plate and precisionstrip shall be of number 
Sixteen (16) gage stainless steel of the kind known as 18 and 8 stainless steel. 


(c) Divisor Box, Spout, Hood, and Lid: The divisor box, sample spout, hood, andlid shall be of 
number twenty-four (24) gage commercial galvanized sheet iron. 


(d) Side Plates: The side plates shall be of number twenty (20) gage commercial galvanized 
sheet iron. 


Details of Construction 


(a) Slot Plate: The surface of the slot plate enclosing the slots and including all thereof 
within one-half (1/2) inch of any slot shall not deviate from a plane by more than one-fiftieth 
(1/50) inch. 


(b) Slots: The slots shall be square edged. They shall be four (4) inches high within one- 
fiftieth (1/50) of aninch and one-half (1/2) inch wide, within five one-thousandths (5/1000) of 
an. ineh. 


(c) Slot Spacing: The slots shall be spaced three-fourths (3/4) inch apart within one one- 
hundredth (1/100) inch. 


(d) Precision Strip: The precision strip shall be squaré-edged and the edge forming the bottom 
of the slots shall not deviate from a straight edge by more than five one-thousandths (8/1000) 
inch. 


(e) Attachment of Precision Strip: The precision strip shall be electrically spot welded to the 
slot plate sothat its top edge forms anangle with the vertical sides of the*slots of ninety (90) 
degrees within ten (10) minutes, and sothat all slot openings are three and thirteen-sixteenths 
(8-12/16) inches high within one one-hundredth (1/100) inch. 


(f) Sample Spout: All seams in the spout and the connection to the slot plate shall be water- 
tight. The line of the connection between spout and slot plate shall not deviate from a line 
bisecting the spaces between the center and the. adjacent slots on each side, by more than one- 
twentieth (1/20) inch. The spout shall be attached before the hood is put into place. 
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(g) Side Plates: The side plates shall be firmly fixed to the sides of the divisor box so a 
to abut and be in contact with the slot plate throughout its height. The connec stoners 


waterproof connection of equal or superior strength. 


(h) Solder and Tool Marks: There shall be no solder, tool marks, or other irregularities wi 
in one-half (1/2) inch of the slots on the upstream side of the slot plate nor within * 


within a vertical distance of three-fourths (3/4) inch below the bottom of the slots. 
(1) Seams and Joints: All seams and soldered joints shall be watertight. 
Section 3. Dimensions of Divisors 
The plans accompanying these specifications are for a nine-slot divisor. The construetd 


of divisors with different numbers of slots is to be essentially the same as shown thereon, wi 
the exception of those changes specified in the appended "Schedule of Dimensions and Weights". 


SCHEDULE OF DIMENSIONS AND WEIGHTS | 
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Box 
metal 
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SIZE 
DIMENSIONS 


Slot Slot 
width | height 


Inches | Inches | Inches Inches | Inches 
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6-1/2 
6-1/2 
6-1/2 
6-1/2 |- 3-1/8 


4 
6-1/2 
9 
11-1/2 
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SPECIFICATIONS -- MULTISLOT DIVISORS HAVING SLOTS ONE INCH WIDE 
Division I. General Provisions 
Definition of Terms 
(a) Multislot Divisor: A device for taking an aliquot of runoff water, the essential part of 
which is a slot. plate containing several openings or slots of identical size and shape. The 
runoff is passed through the divisor and that portion discharged by the center slot is retained 


as an aliquot. 


(b) Slot plate: The integral structure containing the slots. above referred to. The Slot-plate 
is fabricated from vertical bars attached to structural angles at top and bottom. 


(c) Plate Angles: The structural angles forming the tops and bottoms of the slots. 


(d) Spout: The sheet metal conduit attached to the downstream side of the slot plate to con- 
duct the aliquot from the middle slot into the calibrated. tank. 


(e) Hood: The protective sheet metal covering placed around the periphery of the slot plate on 
the downstream side. 


(f) Divisor Box: The sheet metal box through which the runoff water is conducted to the slot 
plate. 


(g) Side Plates: The sheet metal stiffening or reinforcing plates attached to the sides of the 
divisor box upstream from and abutting the slot plate. 


Division II. Construction, 1-inch Slots 
Materials: 


(a) Slot-plate Bargs The slot-plate bar shall be low carbon (.15 to .25 percent) cold rolled 
steel. Square edge flats or their equal in respect to uniformity of dimension and sharpness of 
edge will be generally satisfactory, providing the tolerances hereinafter specified are not 
exceeded. 


(b) Plate Angles: The plate angles shall be of best grade structural steel. 


(c) Divisor Box: The divisor box shall be of commercial galvanized sheet iron of the gauge 
shown on the "Schedule of Dimensions and Weights® appended to and forming a part of these speci- 
fications. 


(d) Spout, Hood and Lid: These parts shall be of number twenty-four (24) gauge commercial 
galvanized sheet iron. 


(e) Rivets: Iron rivets shall be used. 


(f) Paint: Where painting is called for the prime coat shall be Bakelite XE-g§312 primer. The 
two finish coats shall be Bakelite XE~gs93. : 


Details of Construction: 


(a) Slot Plate: In-constructing the slot plate good machine shop practice shall be followed 
in all respects. The edge of the plate angle forming the bottoms of the slots shall be machined 
straight andshall not depart froma true straight edge by more than five one-thousandths (5/1000) 
inch when the divisor is completed. The legs of the angles to which the vertical bars are at-— 
tached shall be straight and flat so that the upstream faces of the bars shall be in a surface 
departing from a plane by not more than one-thirtieth (1/30) inch. 


(b) Bars: The bars shall be straight and attached firmly to the plate angles so as to form 
right angles with the edge forming the bottom of the slots. This angle shall be’ within fifteen 
(15) minutes of aprecise ninety (90) degrees. The width of all bars shall be one and one-fourth 
(1-1/4) inches within two one-hundredths (2/100) inch. The bars may be attached by electrical 
spot welding or by riveting. If rivets are used those passing through the bottom plate angle 
shall be countersunk and finished flush and watertight. 


(ec) ‘Slots: The slots shall have square edges and shall be one (1) inch wide throughout their 
heights within one one-hundredth (1/100) inch. 


(d) Sample Spout: All seams in the spout and the connection to the slot plate shall be water— 
tight. The line of the connection between spout and slot.‘plate shall not deviate from a line 
bisecting the bars adjacent tothe center slot bymore than one-twentieth (1/20) inch. The spout 
shall be attached before the hood is put into place. 
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(e) Side plates: The side plates shall be firmly fixed to the sides of the aivieat 
to abut and be in contact with the slot plate throughout its height. The connection 
divisor box shall be made by sweating the plates on with solder or by any Caso method g: 
a waterproof connection of equal or superior strength. paeees a. 


(f) Solder and Tool Marks: There shall be no solder, deep tool marks, or othef irregularitie 
within three-fourths (3/4) inch of any slot on the upstream side of the. slot pistes nor wathir 
seven-sixteenths (7/16) inch on the downstream side. 


(g) Seams and Joints: All seams, soldered joints,and riveted connections shall be water 


(nh) Painting: After fabrication of the divisor, all exposed surfaces of the slot plate 
be thoroughly cleaned of scale, rust, and grease and given a thin prime coat of Bakelite XE 
primer. Two finish coats of the alumdnuni paint, known as Bakelite XE-8893, shall be subsequen 
applied, the aluminum powder being mixed with the varnish immediately befnre use. The pa 
shall be applied evenly and shall not cause the dimensions of slots or straightness of slot. 
pieces to exceed the tolerances heretofore given. 


Dimensions of Divisors: 
The plans accompanying these specifications are for a nine slot divisor. The constru 
of divisors with different numbers of slots or with different slot heights is to be essential] 


the same as shown thereon, with the exception of those changes specified in the appen 
"Schedule of Dimensions and Weights". e “ 
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